Southern blotting of HindIII-digested genomic DNAs from the female and male Oriental white stork (Ciconia boyciana) with the EE0.6 probe cloned from the W chromosome of chicken (Gallus domesticus) produced a 3.0-kb W chromosomederived band specific to the female and a 3.5-kb Z chromosome-derived band common to both sexes. These two genomic fragments were cloned and the counterpart sequences to that of EE0.6 in these fragments, XH0.6 and XH0.6RSM (XH0.6related sequence in the male), respectively, were subcloned. Nucleotide sequences of XH0.6 and XH0.6RSM showed 92% identity. PCR using a set of primer sequences from XH0.6, which differed several nucleotides from those in XH0.6RSM, amplified an about 300-bp genomic sequence only from the female C. boyciana. This method was applied successfully to identify the sex of individual young birds of C. boyciana, an endangered special natural monument in Japan and whose sexes are unidentifiable from their external morphology.
INTRODUCTION
The Oriental white stork, Ciconia boyciana, is a highly endangered avian species as included in Appendix I of CITES, the Convention on International Trade in Endangered Flora and Fauna, and is one of the special natural monuments in Japan. In the Japanese Islands, the wild population of this species became extinct when the last wild stork was caught and placed in a propagation program at Toyooka city in 1971. At first, the captive breeding was not successful and the number of captive population decreased to count only 11 in 1982 (Hosoda, 1995) , and it has been afraid that this species is soon to be extinct as for Nipponia nippon which belongs to the same order, Ciconiiformes. By 1996, the number of C. boyciana has recovered to 109 by the effort of captive breeding, but the number is still too small for reintroduction of the species. One of difficulties encountered in their captive breeding is that their genetic sexes are difficult to be identified from their external morphological characteristics at the time of pairing. From this reason, it has been desired to establish a rapid and definite method of identification of their genetic sexes using the polymerase chain reacion (PCR) on a small amount of genomic DNA obtained from a blood sample.
In this study, we cloned and sequenced two genomic restriction fragments of C. boyciana, which were suggested to be derived from the Z and W chromosomes and whose sequences were related to that of the W chromosome-specific DNA fragment, EE0.6, of chicken, Gallus domesticus (Ogawa et al., 1997) . A set of primer sequences were chosen by comparing these two sequences in order to amplify only the sequence on the W chromosome by PCR. The PCR using these primers produced a female-specific, unambiguous amplification product. This method has been applied successfully for the identification of genetic sexes of young birds of C. boyciana.
MATERIALS AND METHODS
Preparation of high molecular weight genomic DNA. Approximately 1 ml each of heparinized blood samples were obtained from a male and two female individuals, as idenitfied by their successful pairing and egglaying behavior, and sex unknown young individuals of C. boyciana. The high molecular weight genomic DNA was prepared from the nuclei of blood cells as described (Ogawa et al., 1997) . A rapid mini-preparation of DNA was carried out from a 10-µl portion of a heparinized blood sample to yield about 20 µg DNA according to the method of Gemmell and Akiyama (1996) .
Cloning of chicken EE0.6-related sequences from genomic libraries of C. boyciana. Genomic libraries of C. boyciana were prepared from the male and female genomic DNAs partially digested with Sau3A1 by applying the fill-in reaction in the presence of dATP and dGTP with Klenow fragment (TOYOBO), ligation with λGEM12 XhoI half site arms (Promega) and in vitro packaging using Gigapack III Gold packaging extract (STRATAGENE) according to the manufacturers' protocols. These libraries (10 5 p.f.u. each) were screened by plaque hybridization with 32 P-labeled ET15, a putative exon sequence in the chicken EE0.6 clone (Ogawa et al., 1997) , as a probe. The plaque hybridization was carried out in 6 × SSPE (0.9 M NaCl, 60 mM NaH 2 PO 4 , 6 mM EDTA, pH 7.4) containing 1% sodium dodecyl sulfate (SDS) and 1% skimmed milk (Snow Brand Milk Products, Tokyo) at 60°C for 12 h and the membrane was washed in 2 × SSC, 0.1% SDS at about 25°C for 10 min twice and at 60°C for 30 min twice. One positive λ phage clone was isolated from the female genomic library and its DNA was digested with HindIII, electrophoresed on a 0.8% agarose gel and subjected to Southern blot hybridization with the 32 P-labeled chicken EE0.6 probe under the same conditions as in the plaque hybridization. The 3.0-kb fragment hybridized with the probe was subcloned using pBluescript SK+ vector (STRATAGENE) to yield pCBH3.0F. The insert of this clone was digested with HindIII, BamHI, PstI, XbaI, or EcoRI, and subjected to 1.3% agarose gel electrophoresis and Southern blot hybridization as above. The 0.6-kb XbaI-HindIII fragment (XH0.6) hybridized with the EE0.6 probe was subcloned using the same vector as above. The 3.5-kb HindIII fragment produced from a λ phage clone isolated from the male genomic library was subcloned as pCBH3.5M and its insert was digested with several restriction enzymes as above and subjected to Southern blot hybridization with the 32 P-labeled XH0.6 as a probe. This probe hybridized to both 1.2-kb XbaI-EcoRI and 1.2-kb EcoRI-HindIII fragments. The nucleotide sequence around the EcoRI site was determined and the region homologous to the XH0.6 sequence (XH0.6RSM) was identified. Nucleotide sequences were determined using Thermo sequenase fluorescent labelled primer cycle sequencing kit (Amersham) with -21 M13 Dye Primer (Applied Biosystems) and M13 Reverse Dye Primer (Applied Biosystems) and 373A DNA Sequencer (Applied Biosystems) on a series of deletion constructs prepared with exonuclease III (TAKARA).
Identification of the genetic sex of C. boyciana by
Southern blot hybridization or PCR. The high molecular weight genomic DNA preparations or DNAs prepared by the rapid mini-preparation method from individual birds were digested with HindIII and separated by 0.8% agarose gel electrophoresis (20 µg/lane) in 1 × TBE (89 mM Tris base, 89 mM boric acid, 2 mM EDTA, pH 8.0) at 30 V, and stained with ethidium bromide. A part of the gel containing DNA fragments of larger than about 1 kb was soaked in 0.25 N HCl, then the whole gel was placed in 0.4 N NaOH, 0.6 M NaCl. DNA fragments were transferred to a Hybond N+ membrane (Amersham) in 0.4 N NaOH, 0.6 M NaCl for 12 h. The membrane was soaked in 0.5 M Tris-HCl (pH 7.5), 1 M NaCl, washed in 2 × SSC, and dried at 62°C for 2 h. The probe, XH0.6 or a PCRgenerated fragment from XH0.6RSM, was 32 P-labeled to a high specific activity by the random priming method according to Ogawa et al. (1997) . Hybridization was carried out in 6 × SSPE containing 2% SDS at 68°C for 12 h and the membrane was washed in 2 × SSC, 0.1% SDS at 25°C for 10 min twice, and at 68°C for 30 min twice, followed by autoradiography.
PCR was carried out in a 20-µl mixture containing 0.2 mM each of dNTPs, 1 mM each of primers, 10 ng genomic DNA, 1.75 units Taq polymerase (AmpliTaq, Perkin Elmer), 1.5 mM MgCl 2 , and one tenth volume of 10 × buffer II (Perkin Elmer). Primers used were; 5' CACCCTGGAT-TGGACAACCTATTTC 3' (forward) and 5' CACTCTTTCC-AGGAAATCAA 3' (reverse). A reaction cycle was; 95°C, 80 sec for denaturation, 59°C, 90 sec for annealing, and 72°C, 60 sec for elongation, and 35 cycles were applied. The PCR product in a 10-µl portion of the reaction mixture was separated by 2% agarose gel electrophoresis in 0.5 × TBE at 100 V, and stained with ethidium bromide. A definitely identifiable female-specific amplified band was produced when 1 to 100 ng of genomic DNA of C. boyciana was included in a reaction.
RESULTS
Cloning of 3.0-and 3.5-kb HindIII fragments from genomic DNAs of C. boyciana and identification of a subregion which is homologous to EE0.6 of chicken. Genomic DNAs were prepared from the blood samples of three sexually matured individuals of C. boyciana, whose sexes were identified as described in MATERIALS AND METHODS. When these DNA samples were digested with HindIII and subjected to Southern blot hybridization with the EE0.6 probe of chicken, a female-specific band of 3.0 kb and a 3.5-kb band common to both sexes were detected (Ogawa et al., 1997) . In this study, genomic libraries of the male and female C. boyciana were first screened with the ET15 probe, a putative exon sequence in EE0.6, and then the positive clones obtained were digested with HindIII and further probed with EE0.6. The 3.0-kb frag-ment from the female and the 3.5-kb fragment from the male were subcloned to yield pCBH3.0F and pCBH3.5M, respectively, and their partial restriction site maps were determined as shown in Fig. 1 .
Among restriction fragments of the insert in pCBH3.0F, a 0.6-kb XbaI/HindIII fragment, XH0.6, was identified as a counterpart sequence of EE0.6 by Southern blot hybridization with the EE0.6 probe. The XH0.6-related sequence within the insert of pCBH3.5M, XH0.6RSM (XH0.6-related sequence in the male), was identified by Southern blotting and nucleotide sequencing. Because XH0.6RSM could not be isolated by digestion with restriction enzymes, its internal sequence of 580 bp was generated by PCR using the primers as shown in Fig. 3 .
Southern blot hybridization of HindIII-digested genomic DNAs of the male and female C. boyciana with XH0.6 or PCR-generated XH0.6RSM as a probe, under the conditions allowing about 18% base pair mismatches, gave the female-specific 3.0-kb band and the 3.5-kb band common to both sexes (Fig. 2) . The 3.0-kb band should have been derived from the W chromosome because of its female specificity. The 3.5-kb band was suggested to be derived Fig. 2 . Southern blot hybridization of HindIII-digested genomic DNAs from male, female, or sex-unknown individuals of C. boyciana with 32 P-labeled XH0.6, XH0.6RSM or G. domesticus GAPDH cDNA clone as indicated. The GAPDH cDNA clone contained a PCRgenerated entire coding region obtained according to the published genomic sequence (Stone et al., 1985) . DNA samples with H-initials are from sex-unknown individuals. Size markers are λDNA digested with HindIII. from the Z chromosome because its intensity for the male and female was about 2 : 1 (male : female), as compared with the about 1 : 1 intensity ratio for a genomic fragment of glyceraldhyde-3-phosphate dehydrogenase (GAPDH) gene. The latter gene has been assigned to an autosome (chromosome 1) in chicken (Burt, 1994) . From these characteristic sex-dependent patterns of hybridization, sexes of the six young birds of C. boyciana could be identified as shown in Fig. 2 (H-245, 248 are female, and H -246, 247, 249, 250 are male) .
Comparison of nucleotide sequences of EE0.6 and EE0.6 homologues of C. boyciana. Nucleotide sequences of XH0.6 from the female-specific 3.0-kb HindIII fragment and XH0.6RSM from the 3.5-kb HindIII fragment common to both sexes were determined and compared with that of chicken EE0.6 (Ogawa et al., 1997) (Fig.   3 ). Overall identitiy of sequences between XH0.6 and XH0.6RSM is 92%, and those between EE0.6 and XH0.6 and between EE0.6 and XH0.6RSM are 81 and 80%, respectively.
The EE0.6 sequence contains a region (ET15) which is flanked by functional splicing acceptor and donor signals (Fig. 3) and could be isolated by the exon trapping procedure (Ogawa et al., 1997) . The AG dinucleotide in the splicing acceptor signal is changed to GG in both XH0.6 and XH0.6RSM, indicating that the putative exon corresponding to ET15 does not exist in the EE0.6 counterparts in C. boyciana.
Identification of the genetic sex of C. boyciana by PCR. Although overall sequences are highly similar between XH0.6 and XH0.6RSM, two sequence regions in the XH0.6 were chosen for primers (Fig. 3) . The forward Fig. 3 . Comparison of nucleotide sequences of G. domesticus EE0.6, and XH0.6 and XH0.6RSM from C. boyciana. Identical base is indicated with an asterisk. Gaps (-) are introduced to align sequences. Two sets of primer sequences for PCR are shown; one for amplifying an internal 580-bp sequence of XH0.6RSM (wavy underlined for the reverse 24-nucleotide (nt) primer and double wavy underlined for the forward 28-nt primer) and the other for the sex identification of C. boyciana (underlined for the forward 25-nt primer and double underlined for the reverse 20-nt primer for the XH0.6 sequence). Splicing acceptor and donor signals (Shapiro and Senapathy, 1987) for a putative exon (ET15) in EE0.6 are indicated with overlines and dots on AG and GT, respectively. The nucleotide sequences for XH0.6 and XH0.6RSM will appear in the DDBJ, EMBL and GenBank nucleotide sequence databases with the accession numbers D85617 and D88365, respectively. primer sequence contains three base changes including its 3' end and the reverse primer sequence has a small deletion as compared with the corresponding region in XH0.6RSM. The PCR using these primers amplified the expected sized band of about 300 bp only from the female genomic DNA of C. boyciana (Fig. 4A) . Judging from the amplification of this band, H-245, H-248, H-254, H-256, H-257 among sex-unknown young individuals were identified as females, and H-246, H-247, H-249, H-250, H-253, H-255, H-258 were identified as males (Fig. 4A) . The sexes identified by PCR were exactly confirmed by the genomic Southern blotting patterns using the XH0.6 probe; i.e., only a 3.5-kb band for the male and 3.5-and 3.0-kb bands for the female (Fig. 4B) . Identification of the sex by PCR was also successful for DNA samples prepared by the rapid mini-preparation method (Fig. 4C ).
DISCUSSION
In our search for genomic clones containing W chromosome-specific non-repetitive sequences from the library constructed from a single chicken W chromosome, we ob-tained a genomic clone, pEE0.6, which contained a 0.6-kb EcoRI fragment originated from the 25-kb-long non-repetitive sequence region (CW-01 region) located between the two heterochromatic domains on the W chromosome (Ogawa et al., 1997) ; one containing the XhoI-family and the other containing the EcoRI-family repetitive sequence (Saitoh and Mizuno, 1992) . Southern blot hybridization with the EE0.6 probe has demonstrated that EE0.6-related sequences are present widely in the W chromosomes of present-day avian species. Thus, we could identify the genetic sex of eighteen avian species tested belonging to eight different taxonomic orders by the presence of a female-specific band in the Southern blot hybridization to HindIII-degested genomic DNA preparations (Ogawa et al., 1997) .
A genetic function of EE0.6 is unknown. Sequences showing a significant similarity to the EE0.6 sequence have not been identified in the DDBJ, EMBL and GenBank nucleotide sequence databases. The facts that every reading frame of the putative exon in the chicken EE0.6 contains a stop codon (Ogawa et al., 1997) and that the splicing acceptor signal is changed in the EE0.6 homologues of C. boyciana indicate that EE0.6 and its homologues do not contain a coding exon.
The previous and present studies suggest that a counterpart sequence of EE0.6 is also present on the Z chromosome, which is consistent with the prediction by Ohno (1967) that present-day sex chromosomes are evolved from a particular pair of autosomes. The extent of sequence difference between EE0.6 on the W chromosome and its counterpart on the Z chromosome seems to be variable among different species. Thus, in Southern blot hybridization with the EE0.6 probe of chicken, only a single female-specific band was produced in some species (species belonging to the order Galliformes, and duck, rock dove, red avadavat, java sparrow, common finch, white eye, bearded penguin), while a female-specific band plus band(s) common to both sexes showing two (male) to one (female) intensity ratio was produced in other species (Oriental white stork, badgerigar, king penguin) (Ogawa et al., 1997) . In the latter case, it has generally been difficult to yield a female-specific amplification product by PCR using a set of primers from the chicken EE0.6 sequence. In fact, the present study shows that the similarity between EE0.6-related sequences on the W and Z chromosomes of C. boyciana is 92%. However, by comparing the EE0.6related sequences in the female and male genomes and properly selecting primer sequences, it is possible to prouduce an amplified PCR product only from the female genomic DNA (Fig. 4 ).
Thus, it seems possible for most avian species to identify their genetic sexes by PCR based on the EE0.6-related sequence on the W chromosome by applying, if necessary, the same approach as used in this study. Furthermore, the fact that preparation of DNA from a tiny portion of a Fig. 4 . Identification of the sex of C. boyciana individuals by PCR (A, C) and Southern blot hybridization (B). Sets of genomic DNA samples in A and B are the same and were prepared by the method for high molecular weight DNA. Genomic DNA samples in C were prepared by the rapid mini-preparation method. PCR primers to amplify the female-specific 300-bp sequence are shown in Fig. 3. In B, 32 P-labeled XH0.6 probe was used. DNA samples with H-and T-initials are from sex-unknown individuals. Size markers are pBR322 DNA digested with HinfI, but only two of them closely located to the amplified band are shown. blood sample using the rapid mini-preparation method and identification of the sex by PCR can be done within a single day demonstrates that this sexing method is practically applicable to the breeding project in a zoo or a similar institution for an endangered species like C. boyciana.
